Introduction {#sec0005}
============

It is estimated that 20--50% of antibiotic use is inappropriate or unnecessary in acute care hospitals [@bib0005]. Inappropriate antimicrobial use has a negative impact on patients and the entire community [@bib0010], [@bib0015]. Misuse of antibiotics leads to an increase in antibiotic resistance and additional healthcare costs [@bib0005], [@bib0020]. Unfortunately, we are facing a dramatic increase in bacterial resistance with the obvious drop in the number of antibiotics discovered and approved each year [@bib0025], [@bib0030]. Therefore the antimicrobial stewardship program (ASP) was developed to ensure the proper use of antibiotics, reduce overutilization of antimicrobial agents, and halt the development of resistance [@bib0015], [@bib0020].

At Johns Hopkins Aramco Health (JHAH), we started an ASP in 2011 with an educational program of physicians and pharmacist. The program was enhanced mid-2012 with the following interventions: a re-designed antibiotic sensitivity report [@bib0010], intravenous to oral conversion program, vancomycin pharmacokinetic program [@bib0035], automatic renal dosing, antibiotic de-escalation, pre-operative antibiotic protocols utilizing adapted orders, and a multi-facteted approach to decrease antibiotics for respiratory tract infections [@bib0040]. The program incorporated "if you cannot measure it, you cannot improve it," and thus included periodic measurement and monitoring of antibiotic use, and comparing data within the institution and with other institutions [@bib0005], [@bib0045].

To standardize the units for comparison, we used the most common definitions: defined daily dose (DDD), and days of therapy (DOT). DDD is as an average of the maintenance dose of a single antibiotic in its main indication for adults per day [@bib0050]. According to the World Health Organization (WHO), each drug has an anatomical therapeutics chemical (ATC) code and a DDD value in grams [@bib0050]. To define the exact consumption rate, it was recommended to express DDD per 100 bed-days in hospitals and DDDs per 1000 inhabitant-days for out-patients [@bib0055], [@bib0060], [@bib0065]. DOT is the number of days that a patient receives an antibiotic regardless of the dose [@bib0005]. DDD has better estimation than DOT, especially in patients receiving a combination of antibiotics or one dose only (e.g., surgical prophylaxis), and it can be calculated even in the absence of a computerized pharmacy system [@bib0005].

A better measure for comparing DDD with an external hospital, is the quantitative assessment of antibiotics use, with adjustment for severity of illness among hospitalized patients, using the case mix index (CMI) [@bib0055], [@bib0070]. There are limited studies of antibiotic utilization in Saudi Arabia [@bib0075]. In this study, we compare the DDD, DOT, DDD per 100 bed-days, and the adjusted DDD according to CMI.

Materials and methods {#sec0010}
=====================

The study was carried out at Dhahran Health Center as a part of Johns Hopkins Aramco Healthcare (JHAH), which serves a population of approximately 370,000 patients [@bib0080]. Dhahran Health Center is the main general hospital with a 380-bed capacity and five intensive care units (Cardiac, medical, surgical, pediatric, and neonatal) [@bib0080]. The hospital provides acute, general medicine and surgery, intensive care services, and management of hematological and solid organ malignancies [@bib0080].

A computerized database was generated for all prescribed antibiotics. Antibiotic data were collected for 2011 to have a baseline, and then retrospectively for 2013--2015. All data were collected for the first 6 months of 2011, 2013--2015. To minimize the drawback of using DDD, only adult patients (above 15 years of age) were included in the study. The data were transferred to an Excel spreadsheet. The World Health Organization 2013 Guidelines for Anatomical Therapeutic Chemical/Defined Daily Dose (ATC/DDD) were utilized for the calculation of DDD. DDD for each antibiotic was calculated separately, the total number of grams administered for each antibiotic per year was divided by the WHO DDD in grams [@bib0050]. Thus, the DDD is an estimate of the number of days of antibiotic therapy. Data of day surgery was not included in calculating the bed days. Antibiotic usage was adjusted per 100 bed-days by dividing DDD by daily occupied beds and multiplied by 100. A direct measure of the number of days of therapy (DOTs) is a common method of antibiotic usage evaluation. DOT is simply the sum of the total number of days of all used antibiotics. Thus, when the same patient receives more than one antibiotic, more than one DOT was counted.

The case mix index (CMI), an economic surrogate marker, was calculated by dividing total cost weights for all inpatient in specific period by the number of admission [@bib0085], as provided by the hospital information department. CMI describes the average patients\' morbidity of individual hospitals [@bib0085].

Results {#sec0015}
=======

Antibiotic data were collected for 2011 as a baseline, and for subsequent years 2013, 2014, and 2015. The collected data were expressed as DDD and DOT and were adjusted per 100 patient-days.

Defined daily dose (DDD) and days of therapy (DOT) {#sec0020}
--------------------------------------------------

The total DDD was 38,270 in 2011, 37,557 in 2013, 36,550 in 2014, and 38,738 in 2015 ([Fig. 1](#fig0005){ref-type="fig"} ). However, there was no significant increase in the DDD overtime with an correlation coefficient (R^2^) trend of 0.006. A reduction in the DDD was more pronounced if we excluded antimicrobials given to suspected MERS-CoV patients during the 2014 outbreak [@bib0090] where the DDD decreased from 38,738 to 35,942. On the other hand, days of therapy (DOT) were 35,218, 36,958, 38,945 and 42,326 days at base line and in the years 2013--2015, respectively ([Fig. 1](#fig0005){ref-type="fig"}) with a significant R^2^ trend of 0.973.Fig. 1A line graph showing the DDD and DOT (left Y-axis) and the DDD/100 bed-days (right Y axis) plotted over the year.DDD; Defined Daily Dose; DOT; Days Of TherapyFig. 1

Adjusted DDD per 100 bed-days and based on case mix index (CMI) {#sec0025}
---------------------------------------------------------------

DDD showed a non-significant increase in 2015 compared to baseline. To avoid variation between different hospital settings and to allow comparison with similar hospitals, we reported DDD and DOT per 100 bed-days, as well as the adjustment of DDD/100 bed-days in relation to CMI. Data for DDD/100 bed-days showed a slight negative correlation with an R^2^ of −0.775 whereas there was a clear positive correlation in the case of DOT/100 bed-days with an R^2^ of 0.918. Adjusted for the bed-days and the CMI, the DDD/100 bed-days is shown in [Fig. 2](#fig0010){ref-type="fig"} . The correlation between DDD/100 bed-days and CMI was −0.696. A blot of the DDD/100 bed-days against the CMI showed that DDD/100 bed-days falls within the benchmark in relation to the CMI, based on data by Kuster et al. [@bib0085]. A total reduction in antibiotic usage after adjustment using 100 bed-days and CMI was 5.13% (from 95.6 to 90.7 between the baseline in 2011 and year 2015) ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 2A plot graph showing risk adjustment of DDD/100 bed-days in relation to the chronic medical index (CMI).Numbers on the graph (2011--2015) represent the year.Fig. 2

Discussion {#sec0030}
==========

Evaluation of antimicrobial usage is standardized using the DDD as a recommended strategy for comparison with similar hospitals [@bib0065]. The use of risk adjustment is needed to overcome the challenge of benchmarking. Two patient characteristics are associated with clinical outcomes and use of the healthcare system. These factors are: patient mix and severity of illness [@bib0095], [@bib0100]. Direct comparison of the quantity of antibiotic consumed between hospitals is flawed, due to multiple factors, such as severity of illness, structures, and missions [@bib0085]. We reported antibiotic consumption per 100 bed-days for inpatients, to overcome the variation in hospital size and occupancy rate. We also adjusted antibiotic usage using the case mix index (CMI), to reduce the variation of patient morbidity among hospitals. CMI is a tool for comparison and had been shown to have a moderate correlation with antibiotic use [@bib0085], [@bib0105].

The use of DDD estimates indirectly the actual DOT [@bib0095], [@bib0100]. The measurement of DOT is insensitive to the actual dosages administered. And DOT measurement favors those situations where broad spectrum monotherapy is used. One of the drawbacks of DDD measurement is related to patients with renal or hepatic dysfunction needing adjustment [@bib0110]. In this report, we observed a discordant findings of antibiotic measurements based on the DDD and DOT and a discordant findings of antibiotic measurements based on DDD/100 bed-days compared to DOT/100 bed-days. Similarly, previous studies showed discordant measurements between DDD and DOT [@bib0110], [@bib0115], [@bib0120], [@bib0125], [@bib0130]. The DDD method is useful for benchmarking, but not for evaluation of the number of DOTs or relative use for antibacterial agents [@bib0135]. And that DOT is more difficult to measure, but is a superior measurement methodology [@bib0135].

Reporting DDD data could be misleading and may not reflect the activity of the ASP, because other factors may interfere, such as hospital days and the morbidity of admitted patients. This findings is obvious in this report where DDD increased and the DDD per 100 bed days decreased in 2015 compared to the baseline. The adjusted DDD/100 bed-days showed a decrease in the usage of antibiotics, reflecting activities of the antibiotic stewardship program. Measuring DDDs per 1000 patient-days and DOTs per 1000 patient-days (or 100 patient-days) may be required especially in relation to antimicrobial resistance [@bib0135]. Further adjustment of DDD/100 bed-days based on CMI in our study showed a negative correlation with increasing CMI, reflecting the efficacy of ASP activities in our institute. The reduction of 5.13% of DDD adjusted to 100 bed-days, and correlation with CMI, gave us an indicator of the ASP's success. Similarly, previous studies showed a strong correlation between CMI and antibacterial usage expressed as DDD/100 patient days [@bib0085]. However, increasing CMI may lead to increased combination therapy as shown by an increase in the DOT and DOT/100 bed-days. This increase in combination therapy could be also the target of future antimicrobial stewardship program, particularly targeting deescalation from combination therapy to monotherapy.

In conclusion, antibiotic usage needs to be adjusted per 100 bed-days, and correlated with CMI, for better reflection of ASP activities, and to allow benchmarking with other organizations. It is important to monitor DDD and the addition of DOT monitoring may also shed light on the pattern of antibiotic usage in the form of combination versus monotherapy.
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